Key indicators: single-crystal X-ray study; T = 296 K; mean (C-C) = 0.004 Å; disorder in solvent or counterion; R factor = 0.041; wR factor = 0.114; data-toparameter ratio = 16.0. 
The asymmetric unit of the title compound C 20 H 30 N 4 S 2 + . 2ClO 4 À comprises one macrocyclic cation and two perchlorate anions. In the cation, one of the protonated H atoms bound to the amide N atom is involved in an intramolecular N-HÁ Á ÁN hydrogen bond. The O atoms in the two perchlorate anions are disordered over two sets of sites with occupancy ratios of 0.65 (3):0.35 (3) and 0.640 (15):0.360 (15).
Related literature
For tunable physicochemical and functional properties of macrocyclic ligands, see : Fabbrizzi et al. (1999) . For applications of transition metal complexes with macrocyclic ligands, see: De Silva et al. (2003) ; Habata et al. (2006) ; Bilgin et al. (2009) ; Bernier et al. (2011) . For similar structures, see : Peng et al. (2009) ; Wasitlewski & Mattes (1990) ; Funkemeier & Mattes (1993) ; Chak & McAuley (2006) .
Experimental
Crystal data Table 1 Hydrogen-bond geometry (Å , ).
Data collection: APEX2 (Bruker, 2007 ); cell refinement: SAINT (Bruker, 2007) ; data reduction: SAINT; program(s) used to solve structure: SHELXS97 (Sheldrick, 2008 ); program(s) used to refine structure: SHELXL97 (Sheldrick, 2008) ; molecular graphics: ORTEP-3 for Windows (Farrugia, 1997) ; software used to prepare material for publication: SHELXL97.
Comment
Macrocyclic ligands have the ability to form transition metal complexes with tunable physicochemical and functional properties (Fabbrizzi et al. 1999) . The resulting complexes are found to have diverse applications such as with medicinal inorganic compounds, photosensitizers in solar cells, catalysts for organic transformations, molecular devices based on tunable properties, mimics for enzymes catalyzing redox and hydrolytic processes (De Silva et al. 2003; Habata et al. 2006; Bilgin et al. 2009; Bernier et al. 2011) . Among the large number of known macrocyclic ligands, there has been particular interest in the preparation and characterization of macrocyclic ligands with pendant substituents (Peng et al. 2009; Wasitlewski et al. 1990 ). For example, N, S-functionalized macrocycles with pyridyl pendant arms may enhance their metal-ion selectivity depending on their the macrocyclic ring size as well as the pendent moiety. These novel ligands containing the thioether donors as well as aliphatic and pyridyl nitrogen donors, provide a strong mixed nitrogen/sulfur metal coordination environment (Funkemeier et al. 1993) . In this work, the structure of the title compound with the {py 2 N 2 S 2 }-donor set as a macrocyclic cation is reported.
In the cation, the twelve-membered ring adopts a distorted crown conformation with the sulfur and nitrogen atoms at the point and carbon atoms at the edges (Fig. 1) . Due to the preference of C-S bonds to adopt a gauche conformation, the sulfur atoms are oriented with their lone pairs pointing out of the ring (Chak et al. 2006) . The protonated hydrogen atoms bound to the amide atoms are oriented at the inner cavity. The two pyridyl pendent arms are located at the same side, but not parallel to each other with the dihedral angle between the pyridyl rings being 14.61 (13)°. The H1B atom bonded to N2 is involved in a N2-H1B···N4 intramolecular hydrogen bond. There are no hydrogen bonds between the O atoms of ClO 4 -and the amide H atoms. The ClO 4 -anions are embedded in the cavity formed by cations (Fig. 2) .
Experimental
A mixture of ligand 4-(pyridin-2-ylmethyl)-1,7-dithia-4,10-diazacyclododecane (1.5 g, 5 mmol) and 2- 
